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To the Editor: sequence can be regarded either as P(X)2P(X)3P or as
PXP(X)4P. In addition, EBV LMP2A contains anotherTandem YXXL sequences separated by six to eight
amino acids, designated the immunoreceptor tyrosine- P(X)2P sequence 12 amino acids upstream of the re-
peating proline sequence.based activation motif (ITAM), have been identified on
the cytoplasmic portions of proteins associated with the Interestingly, similar repeating proline sequences, also
in association with repeating YXXLs, are present in sev-B cell receptor (BCR) and T cell receptor (TCR), including
CD3-e, CD3-d, CD3-z, Ig-a, Ig-b, FceRIb, and FceRIg (1, eral orbiviruses (Fig. 1). African horsesickness virus VP7
contains a P(X)2P(X)4P sequence, which is 8 amino acids2). ITAMs have also been identified in several viral pro-
teins, including the bovine leukemia virus (BLV) trans- upstream of a repeating YXXL (10). Two other orbiviruses,
epizootic hemorrhagic disease virus and broadhaven vi-membrane protein gp30 and the Epstein–Barr virus (EBV)
protein LMP2A (1, 2). In the BCR- and TCR-associated rus, contain repeating YXXLs which are also associated
with repeating proline sequences, although they areproteins, ITAMs have been shown in a number of experi-
ments to be necessary and sufficient for mediation of somewhat farther away. In epizootic hemorrhagic dis-
ease virus, a PNNIPPIYPP sequence is 28 amino acidssignal transduction (2). Chimeric proteins that include
the ITAMs from BLV gp30 or EBV LMP2A have been downstream of a repeating YXXL (11). This sequence can
be regarded as P(X)4P(X)2P, P(X)3P(X)4P, or P(X)3PP(X)2PP.shown to mediate signals, while chimeric proteins with-
out the ITAM do not (2, 3). Significantly, in vivo experi- In broadhaven virus, a PTAPPAYAAIP sequence, re-
garded either as P(X)2PP(X)5P or as P(X)3P(X)5P, is 61ments with mutant proviral molecular clones show that
the BLV gp30 ITAM is necessary for infection and mainte- amino acids upstream of a repeating YXXL (12).
This array of prolines upstream of an ITAM is unusual.nance of high viral loads (4).
Recently, Franken et al. reported the sequence of After observing the proline-rich sequence in LMP2A and
BLV gp30, I searched 43,470 protein sequences in theLMP2A from the EBV-related herpesvirus papio, a ba-
boon B-lymphotropic herpesvirus (5). In addition to the Swiss-Prot database, using the GCG program FindPat-
terns, for the sequence P(X)2P(X)4P followed by 4 to 15conserved ITAM, they drew attention to a conserved pro-
line-rich sequence (PPPPYSPR) nine amino acids down- amino acids, and then YXXL followed by 6 to 8 amino
acids and YXXL. Only 6 sequences were identified, in-stream of the ITAM, which includes a repeated P(X)2P
motif that is often seen in SH3-binding domains (6). cluding 2 independent sequences of BLV gp30, African
horsesickness virus VP7, two proteins of StreptococcusI observed that the herpes papio LMP2A sequence
also contains an upstream repeating proline sequence, mutans, and bovine NADH:ubiquinone reductase. The
herpesvirus papio LMP2A sequence was only recentlyP(X)2P(X)4P, which is 12 amino acids upstream of the
ITAM. Similar repeating proline sequences are also pres- published and was not identified in the database search.
A broader search, for 3 or 5 amino acids between theent upstream of repeating YXXL sequences in proteins
of two other B-lymphotropic viruses, BLV gp30 and EBV second pair of prolines, resulted in only three additional
proteins, two from Caenorhabditis elegans (collagenLMP2A (Fig. 1). In BLV gp30, two of the six isolates com-
pared by Mamoun et al. (termed T15-2 and LB59) contain a1(iv) chain and hypothetical 36.9-kDa protein C02D5.2)
and one from mouse (DNA primase 49-kDa subunit). Thethe sequence P(X)2P(X)4PP, which is 5 amino acids up-
stream of the ITAM (7, 8). In the other four BLV isolates, rarity of this sequence suggests that it may not be a
statistical aberration.the penultimate proline is missing and the sequence is
P(X)2P(X)5P (isolates FLK, lBLV-1, VDM, and LB285) (7, The significance of this proline-rich sequence up-
stream of ITAMs is unknown, but it is interesting that9). In EBV LMP2A, the repeating proline sequence PPP-
PYEDP is 10 amino acids upstream of the ITAM (5). This three of these proteins are from viruses which infect B
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FIG. 1. Alignment of proline-rich and ITAM sequences. Conserved prolines, tyrosines, and leucines are indicated in bold. The conserved prolines
are located within proline-rich regions; additional prolines are underlined.
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